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(54) Title: PROSTHETIC VENOUS VALVE 



(57) Abstract 

A prosthetic venous valve has two cusp-form- 
ing portions (10, 1 1) and a base portion (17). Each 
cusp-forming portion (10, 11) has an arcuate boun- 
dary (16) of elliptical shape that ends from the top 
(13) of the cusp-forming portion (10, II) towards 
the base portion (17). The valve is positioned 
around a vein and the tabs (20, 20a) are secured to- 
gether so that the valve forms a tube around the 
vein. A portion of the vein wall is then intussuscept- 
ed over the cusp-forming portion to form a venous 
valve in which blood does not come in contact with 
the cusp-forming portions (10, 11). 
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PROSTHETIC VENOUS VALVE 
FIELD OF INVENTION 

This invention relates to an implantable prosthetic 
venous valve that may be used to restore competence to a 
venous system. 
BACKGROUND ART 

As is well known r the function of the venous system is 
to direct the flow of blood towards the heart and to this end 
the venous system contains natural valves which prevent back- 
flow of blood* A number of factors can lead to the 
incompetence of such valves and various attempts have been 
made to restore competency to incompetent venous valves using 
surgical restoration techniques such as venous valve 
transplants , venous transposition and venous valvuloplasty. 

In some circumstances, incompetent venous valves can be 
restored by placing a band of biocompatible material around 
the valve at the site of the valve in the form of a cuff and 
then reducing the circumference of the cuff (and hence the 
diameter of the vein at the valve site) until competency of 
the valve is restored. However, there are cases where 
neither the surgical restoration techniques nor the cuff 
technique are applicable and there is, therefore, a need for 
a prosthetic venous valve. 

An intussusception technique for creating venous valves 
from a length of vein is described in AN OPERATIVE TECHNIQUE 
FOR THE CONSTRUCTION OF VENOUS VALVES by B. Eiseman and W. 
Malette Surg. Gyn. Obst . 1953, 97: 731-734. This method 
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simply involved the intussusception of the vein wall and made 
no use of any implantable device. In essence, the 
intussusception method uses a portion of the vein wall to 
form the cusps of the valve, but this approach does not take 
account for the fact the tensile strength of a normal valve 
cusp is at least three times that of a vein wall - see, for 
example, A STUDY OP THE MECHANICAL PROPERTIES OF FRESH AND 
PRESERVED HUMAN FEMORAL VEIN WALL AND VEIN CUSPS by Ackroyd 
J.S et al Br. J. Sura. 1985, 72r 117-119. 

Prosthetic venous valves of bicuspid design which 
mimicked natural valve anatomy were disclosed in DEVELOPMENT 
OF A PROSTHETIC VENOUS VALVE by Hill R. et al Journal of 
Biomedical Materials Research , 1985, 19, 827-832. A 
stainless steel cylinder was first implanted into the vein as 
a support and the prosthetic valve was pulled over the 
support and secured in place by a ligature. 
DISCLOSURE OF THE INVENTION 

It is an object of this invention to provide a 
prosthetic venous valve which is located externally of the 
vein and placed into position by intussusception of the vein 
wall. 

According to the invention there is provided an 
implantable prosthetic valve adapted to be placed into 
position by intussusception of a vein wall, said valve 
comprising an elongated cusp-forming portion and a base 
portion, said cusp- forming portion having an arcuate boundary 
adapted to form a portion of the intussuscepted vein wall 
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into a valve cusps. 

Preferably, the arcuate boundary is of generally semi- 
elliptical form, in one form of the invention, the base 
portion has securing tabs at each extremity. 
BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be more readily 
understood and put into practical effect, reference will now 
be made to the accompanying drawings in which s- 

Fig. 1 is a perspective view of a prosthetic venous 

according to one embodiment of the invention 
Fig. 2 is a perspective view of the valve of Fig. 1 

being placed around a vein r 
Fig. 3 is a view similar to Fig. 2 with the valve 

closed around the vein, 
Fig. 4 is a view similar to Fig. 3 showing the 

commencement of intussusception of the vein over 
the valve. 

Fig. 5 is a view similar to Fig. 4 showing the 

valve fully in place, intussusception complete and 
the cusps closed to prevent retrograde flow of 
blood. 

Fig. 6 is a view similar to Fig. 5 with the cusps 

open to allow prograde or normal flow of blood. 

Fig. 7 is a diagrammatic cross-sectional view of the 
valve shown in Fig. 5, 

Fig. 8 is a view taken along lines 8-8 of Fig. 7 with 
the valve closed, 
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Fig. 9 is a diagrammatic cross-sectional view showing 
prograde or normal blood £low r and. 

Fig. 10 is a view similar to Fig. 9 showing cusps 
closed to prevent, retrograde flow of blood. 

The prosthetic venous valve shown in the drawings is 
formed from flexible, implantable material such as poly 
silicone rubber by dip or injection moulding. The valve 
consists of a pair of cusp forming portions 10 and 11. The 
cusp-forming portion 10 has a bottom edge 12 r top edge 13 r 
opposed side edges 14, 15 and an arcuate boundary 16 adapted 
to form a cusp from the intussuscepted vein wall. As can be 
seen in Fig. 1, the material within the boundary 16 is 
concave to the remainder of the generally cylindrical form of 
the valve. 

The cusp forming portion 11 is the mirror image of cusp- 
forming portion 10 with the two being integral with one 
another along edges 14 and being separated along edges 15. 
Beneath the cusp-forming portions 10, 11 there is a base 
portion 17 the extremities 18, 19 of which have securing tabs 
20, 20a that extend outwardly from the generally cylindrical 
form of the valve as shown in Fig. 1. 

The valve device is encircled around a vein 21 to be 
treated (see Fig. 2) and the tabs 20 and 20a are connected in 
any convenient way so that the base portion 17 forms a cuff 
around the vein (see Fig. 3). 

A section 22 of the vein 21 is then intussuscepted over 
the cusp-forming portions 10 and 11 in the direction of 
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arrows A so that the cusp-forming portions 10, 11 are 
surrounded by overlapping portions 23, 24 of the section 22 
of the vein 21. The technique of intussusception ensures 
that the blood only contacts vein endothelium and not the 
valve material. The valve is then secured in place by 
sutures 26. The cusps formed by the portions 10 f 11 are 
normally directed towards one another and are so shaped that 
the mating portions 27 , 28 of the intussuscepted vein wall 
form a linear closure at the vessel midline as shown in 
Fig. 8. 

The valve cusps formed by portions 10 , 11 are designed 
to close under the force of retrograde flowing blood as shown 
in Pigs 5 and 10 and open during prograde or normal blood 
flow as shown in Pigs. 6 and 9. Retrograde flow of bipod 
forces the valve cusps together causing a fluid tight seal. 

Should there be thickening of the venous wall at the 
location of the valve, the advent it ia and part of the media 
is stripped off the vein in order to decrease the inertia of 
the cusp or apex portions of the valve members. 

Competence of the implanted valve device can be assessed 
with an operative doppler technique or by occluding the vein 
distally and placing another digit proximally to force blood 
in a retro-grade direction towards the artificial valve. If 
the artificial valve is competent, the vein immediately 
proximal to the valve becomes distended and the vein 
immediately distal to the valve remains collapsed. 

For example, the base portion of the valve may be made 
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of the same material as the remainder of the valve, and a 
separate cuff applied around the base portion 17 to provide a 
firmer base. Futhermore, the top edge 13 of each cusp- 
forming portion may be concavely curved to assist closure of 
the cusps. The valve may be a one piece moulding or made 
from separate cusp-forming portions and a separate base. One 
or more cusp-forming portions may be provided and, in some 
instances, the material within the boundary 16 may be 
omitted. 

EXAMPLE 

The technique of intussuscepting vein over a prosthetic 
valve has been carried out eight times in the internal 
jugular vein in sheep. The mean implant time was three 
weeks. Xn no case was there any evidence of thrombosis. 
There was in the early cases problems with adhesion of the 
vein wall to the cusp. 

The valve illustrated in Fig. 1 has been implanted four 
times with resulting complete or near complete competence. 
Three of these have been harvested at a mean of one week. 
Two had no adhesions and one of these had complete 
competence. These two valves had a firmer cuff or base 
portion 17 which prevented surrounding tissues from pushing 
the vein wall 21 into contact with the cusps (i.e. vein 
portion 23). 

Another example of the valve may be to create a one cusp 
valve or a valve with three or more cusps. 
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Various modifications may be made in details of design 
and constructions without departing from the scope and abmit 
of the invention. 
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CLAIMS 

1. An implantable prosthetic valve adapted to be placed 
into position by intussusception of a vein wall, said valve 
comprising an elongated cusp-forming portion and a base 
portion, said cusp-forming portion having an arcuate boundary 
adapted to form a portion of the intussuscepted vein wall 
into a valve cusp. 

2. A valve according to claim 1 wherein said cusp-forming 
portion is a first cusp-forming portion and further including 

. a second cusp-forming portion also having an arcuate boundary 
adapted to form another portion of the intussuscepted vein 
wall into a second valve cusp. 

3. A valve according to claim 2 wherein two cusp-forming 
portions are joined together along adjacent side boundaries. 

4. A valve according to claim 3 wherein the cusp-forming 
portions and the base portions are of cylindrical form with 
the other side boundaries of the cusp-forming portions and 
the adjacent parts of the base portion being separated so 
that the cylindrical valve may be placed around the vein. 

5. A valve according to any one of the preceding claims 
wherein the or each cusp-forming portion is of half- 
cylindrical form and the arcuate boundary extends from the 
edges of the end of the cusp-forming portion remote from the 
base portion towards but not to the base portion. 

6. A valve according to any one of the preceding claims 
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wherein the arcuate boundary is of semi-elliptical form. 

7. A valve according to any one of the preceding claims 
wherein the end of the or each cusp-forming portion remote 
from the base portion is straight. 

8. A valve according to any one of the preceding claims 
wherein that part of the or each cusp-forming portion within 
the arcuate boundary and the end of the cusp-forming portion 
remote from the base portion is directed inwardly from the 
remainder of the cusp-forming portion. 

9. A valve according to any one of the preceding claims 
wherein the valve is made from sheet-like implantable 
material. 

10. A valve according to any one of the preceding claims 
wherein the base portion is Of thicker material than the or 
each cusp-forming portion. 

11. A valve according to any one of the preceding claims 
wherein the base portion includes extension portions that 
extend transversely of the valve. 

12. A method of forming an artificial valve comprising the 
steps of: 

i) placing a valve according to any one of claims 1 to 
11 around a vein, 

ii) closing the valve and securing the ends of the base 

portion, 

iii) intussuscepting a portion of the vein wall over the 
cusp-forming portions of the valve, and, 

iv) fixing the intussuscepted vein portion in position. 
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